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Abstract
Preliminary results on Standard Model processes in e+e− collisions at centre-of-mass
energies above 190 GeV are presented. They are obtained using data collected by the
ALEPH detector at LEP from May to July 1999. The results include measurements of
the hadronic cross section and dilepton cross sections and asymmetries, together with
QCD studies of event shape variables in hadronic events. Measurements of W pair and
Z pair production cross sections and distributions of the reconstructed W mass are also
presented.
















This paper presents studies of Standard Model (SM) processes in e+e− collisions at nom-
inal centre-of-mass energies of 192 and 196 GeV using data collected by the ALEPH
detector from May to July 1999. All results are very preliminary as studies of systematic
eects are incomplete and most systematic errors are extrapolated from results at lower
energies. Results presented here are obtained using ALEPH data collected at luminos-
ity weighted mean centre-of-mass energies of 191.6 GeV and 195.6 GeV [1] and corre-
sponding to integrated luminosities of 27.290.080.14 pb−1 and 26.230.080.13 pb−1
respectively.
Section 2 gives measurements of the qq cross section and dilepton cross sections and
asymmetries. In Section 3 some basic QCD studies such as inclusive charged particle and
event shape variable distributions from hadronic events are presented. Finally, Section 4
provides an estimate of the WW and ZZ cross sections together with distributions of the
reconstructed W mass.
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2 Fermion pair production
The cross sections and asymmetries are determined using the same analysis method as at
lower energies [2, 3].
As explained in the above references difermion cross sections are given for:




 the inclusive process, which includes hard initial state radiation ISR, by requiring√
s0=s > 0.1.
For dilepton nal states, s0 is dened as the invariant mass of the outgoing fermion pair,
whilst for hadronic events it is the mass of the Z=γ propagator. In the case of the exclusive
process, all cross sections and asymmetries are dened in a restricted angular acceptance
region j cos j < 0:95, where  is the angle between the outgoing fermion and the beam
axis. For the e+e− nal state process, the eciency is calculated for two  angular ranges.
In the lepton-pair selections the scattering angle, , between the incoming e− and the












(l− + l+ − )
] ; (1)
where l− and l+ are the polar angles of the two highest momentum lepton and antilepton,
respectively. For taus, the lepton direction is dened as the vector sum of all objects in
the hemisphere. The selection eciencies and the expected background contributions are
summarized in Table 1.
Figure 1 shows the
√
s0m=s distribution for hadronic events together with the expected
signal and background contributions. In this analysis s0m is determined from the measured
polar angles of the outgoing fermions and provides a good approximation to s0 when a
hard ISR photon is emitted along the beams line. At these energies the main background
comes from W pair events which contribute at a level of 5:7% to the signal for high
√
s0=s.
The systematic uncertainty determination follows the previous years analysis [2]. The
measured cross sections are given in Table 2 and compared to the SM predictions. The
latter are obtained from BHWIDE [4] for the Bhabha process and ZFITTER v6.10 [5] for
the other channels.
For dimuon and ditau events satisfying
√
s0=s > 0.9, asymmetries are determined by
counting the number of leptons in forward and backward hemispheres [2]. The results are
given in Table 3 and compared to SM predictions.
All cross sections and asymmetry results are summarized, together with ALEPH mea-
surements at lower centre-of-mass energies, in Figures 2 and 3, where they are compared
to the SM expectations.
This analysis indicates that all difermion cross sections and asymmetries at 192 GeV





s0m=s distributions for 192 and 196 GeV centre-of-mass energies, the shaded
area corresponds to background contributions dominated by W-pair production.
√
s0=s Ecm Event Eciency Background
cut (GeV) Type (%) (%)
0.1 192 qq 84.2  0.6 7.1  0.3
14.4  0.3 (a)
+− 74.4  0.2 8.2  1.5
+− 43.7 0.2 11.7 1.3
196 qq 84.4  0.6 7.3  0.5
15.3  0.3 (a)
+− 73.9  0.2 9.2  1.5
+− 43.3  0.2 13.1  1.3
0.9 192 qq 86.9  0.4 4.6  0.2
5.8  0.2 (a)
+− 95.9  0.1 5.6  0.4
+− 64.2  0.4 15.7  1.6
e+e− (1) 81.9  0.3 10.6  0.9
e+e− (2) 95.7  0.5 12.2  0.2
196 qq 86.9  0.4 4.6  0.2
6.2  0.2 (a)
+− 96.1  0.2 4.1  0.4
+− 62.8  0.4 14.2  1.6
e+e− (1) 81.4  0.3 10.4  0.9
e+e− (2) 92.7  0.4 11.8  0.2
Table 1: Selection eciencies and backgrounds for fermion pair analyses. For the e+e− -
nal state process, the eciency is calculated for two angular ranges : (1) -0.9 < cos  <0.9
and (2) -0.9 < cos  <0.7. The background contribution to qq nal state is split into two
sources, non-WW and WW (a). The uncertainty quoted on eciency is purely statistical
for the di-lepton channels.
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Figure 2: cross section measurements for fermion pair production versus centre-of-mass
energy. The curves indicate the expected cross sections from BHWIDE [4] for the Bhabha
process and from ZFITTER [5] for the other channels.
4
Figure 3: Asymmetry measurements for dimuon and ditau production versus centre-of-
mass energy. The curve indicates the expected asymmetries from ZFITTER [5].
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√
s0=s Ecm Event No.  S.M. prediction
cut (GeV) Type Events (pb) (pb)
0.1 192 qq 2793 96.07 2.47 0.81 93.90
+− 179 8.27 0.64 0.22 7.44
+− 126 8.45 0.90 0.26 7.44
196 qq 2633 92.41 2.45 0.78 89.24
+− 248 7.69 0.66 0.22 7.10
+− 98 8.39 0.90 0.26 7.10
0.9 192 qq 484 18.21 1.12 0.35 18.65
+− 75 2.77 0.33 0.04 2.58
+− 61 2.90 0.41 0.12 2.67
e+e− (1) 1908 77.98 1.89 1.49 81.78
e+e− (2) 437 14.64 0.76 0.30 16.69
196 qq 464 18.25 1.08 0.32 17.65
+− 58 2.72 0.33 0.04 2.46
+− 55 3.36 0.47 0.12 2.55
e+e− (1) 1700 78.99 2.02 1.49 78.48
e+e− (2) 436 17.51 0.89 0.30 16.55
Table 2: Preliminary fermion pair cross sections with statistical and systematic uncertain-
ties at centre-of-mass energies 192 and 196 GeV. For the e+e− channel, the cross section
is calculated for (1) −0:9 < cos  < 0:9 and (2) −0:9 < cos  < 0:7. The fourth column
gives the number of events after selection cuts and before background subtraction. The
quoted systematic uncertainties are derived from the studies performed at 189 GeV.
√
s0=s Ecm Event AFB S.M. prediction
cut (GeV) Type
0.9 192 +− 0.54  0.10  0.01 0.57
+− 0.58  0.12  0.02 0.57
196 +− 0.45  0.12  0.01 0.57
+− 0.62  0.17  0.02 0.57
Table 3: Lepton forward-backward asymmetries with statistical and systematic errors,
calculated for
√
s0=s > 0.9 in the range j cos j < 0:95.
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3 QCD studies
Using the same event selection procedure as used at 189 GeV centre-of-mass energy and
described in [6], 376 non-radiative hadronic events are selected in the 196 GeV data
sample. Preliminary results on charged particle inclusive distributions of the transverse
momentum components in and out of the event plane, rapidity with respect to the thrust
axis, and  = − ln xp, where xp = phadron=pbeam, are shown in Figure 4. In general, good
agreement with the predictions of the PYTHIA [7] Monte Carlo is observed.
Integrating the rapidity distribution, a mean multiplicity of charged particles of
Nch = 27:61 0:65(stat) 0:49(syst)









0 2 4 6 8





















0 1 2 3 4














































Figure 4: Inclusive charged particle distributions of the momentum components pint ; p
out
t
in and out of the event plane, the rapidity y with respect to the thrust axis, and the
momentum distribution  = − ln phadron=pbeam, at 196 GeV.
Figure 5 shows the measured rates of n-jet events, as a function of ycut for the Durham
jet algorithm [8], compared to the predictions of the PYTHIA model. The data are
corrected for backgrounds, resolution and residual ISR eects. Although the three-jet rate
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around ycut = 710−4 is observed to be slightly lower than predicted and correspondingly
the two-jet rate is somewhat higher, in general the agreement between data and Monte
Carlo is good.
Finally, in Figure 6 the corrected distributions of Thrust, heavy jet mass and wide jet
broadening at 196 GeV are shown, with statistical errors only. Good agreement with the
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Figure 5: Jet rates compared to the predictions of the PYTHIA model. The error bars
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Figure 6: Distributions of Thrust, heavy jet mass and wide jet broadening at 196 GeV
compared to the predictions of various Monte Carlo models. The errors are statistical
only.
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4 WW and ZZ production cross sections and W
mass
W pair events are selected using selection algorithms scaled from those developed at
189 GeV [11]. In Table 4 the cross section values are given for the dierent channels
and for the two nominal centre of mass energies. Errors are statistical only. The total
systematic error on WW cross section at 189 GeV was 0.17 pb. The total cross section
is obtained from a combination of the dierent channels assuming lepton universality.
Figure 7 shows the measured cross sections as a function of the centre of mass energy and
compared with the SM prediction.
 (pb)
Process 192 GeV 196 GeV
(WW ! ‘‘) 1:54 0:33 1:84 0:37
(WW ! ‘qq) 7:10 0:59 7:68 0:63
(WW ! qqqq) 8:30 0:62 6:55 0:59
WWCC03 16:96 0:93 16:13 0:87
Table 4: WW cross section values measured at the two nominal centre of mass energies.
Errors are statistical only.
The ZZ production cross section (NC2) has also been measured. The selection algo-
rithms are scaled from those used at 189 GeV [12]. Table 5 summarises the measured
cross section values. Errors are statistical only, the total systematic error on the ZZ cross
section at 189 GeV was 0.04 pb. Figure 8 shows the invariant mass of the two leptons
in the ‘‘XX analysis (where X represents all quarks and leptons) with the elliptical mass
cut of [12] removed.
 (pb)






Table 5: ZZ cross section values measured at the two nominal centre of mass energies.
Errors are statistical only.
Figure 9 shows the Z pair production cross section measurements above threshold
together with the theoretical prediction.
Using the same techniques as at 189 GeV [13], the W mass has been reconstructed















Figure 7: Measurements of the W-pair production cross section at six centre-of-mass
energies, compared to the Standard Model prediction from GENTLE [14] for the world
average value of the W mass. The shaded area represents the theoretical uncertainty




























Figure 8: The distribution of masses for the ‘‘XXchannel in the ZZ selection. All cuts
have been applied except the elliptical mass cut. The shaded histogram shows the ex-


















Figure 9: The measured ZZ cross sections compared to the expected SM cross section.
The shaded area represents the theoretical uncertainty (2%) on the YFSZZ [15] calcu-
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Figure 10: Measured W mass distribution obtained from semileptonic WW events atp
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Figure 11: Measured W mass distribution obtained from hadronic WW events at
p
s =
192 and 196 GeV. The Monte Carlo is normalized to the data.
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5 Conclusions
Using data collected by ALEPH at 192 and 196 GeV centre-of-mass energies, prelimi-
nary measurements of difermion production cross sections and asymmetries have been
presented. These are consistent the with Standard Model predictions. The W and Z pair
production cross sections have been measured and found in agreement with the expecta-
tions. Distributions of the reconstructed W mass have been presented using semileptonic
and hadronic WW events. QCD studies using event shape distributions in hadronic qq
events have been presented and are in qualitatively good agreement with model predic-
tions.
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